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@ Digital phase shifter. 



(§) An all digitally controlled self calibrating delay 
line method and apparatus whicti simulates an in- 
finitely long delay line by continuously identifying 
the terminal at a physical position in said delay line 
(ESP) which is the exact location at which a signal 



traversing said delay line is phase shitted 360 de- 
grees in- relation to said phase detector input and 
means for connecting the said ECP terminal to the 
first stage of said delay line. 
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This invention relates to digital phase and tim- 
ing control and particularly to an all digital method 
and apparatus for controlled phase shifting, signal 
synchronization and data recovery. 

Reference Is made to our copending European 
patent applications being filed concurrently here- 
with and which relate to a high data rate digital 
data/clocl( recovery system. The applications cor- 
respond to our US applications; 

"All Digital High Speed Algorithmic Recovery 
IVIethod and Apparatus Using Locally Generated 
Compensated Broad Band Time Rulers and Data 
Edge Position Averaging", serial number 
08/021,924; filing date Feb. 24. 1993; inventor Bin 
Guo; AMD Docket Number A895, and 

"Digital Variable In-Lock Range Phase Com- 
parator", serial number 08/021,712; filing date Feb. 
24, 1993; inventor Bin Guo; AMD Docket Number 
A911. 

In clock or data recovery and in other phase 
and timing control operations, phase or timing ad- 
justments are usually performed after a phase or 
timing error is detected. Traditionally, a Phase 
Locked Loop (PLL) is employed, in which the fre- 
quency of a Voltage Controlled Oscillator (VCO) is 
adjusted to achieve the phase adjustment or align- 
ment through a number of cycles. The amount of 
the phase change is the integral of the difference 
between the VCO frequency and the reference 
frequency. These are generally analog PLL circuits 
which contain various lumped capacitors and lum- 
ped resistors to form the analogue low pass filter 
function for obtaining a smoothed or filtered control 
signal for VCO. Monolithic circuit integration of the 
PLL along with large scale digital circuitry is dif- 
ficult, especially using standard manufacturing pro- 
cesses for digital circuits. In addition, problems 
associated with phase locked loop design such as 
susceptibility to digital switching noise limits the 
traditional CMOS analog PLL design to applica- 
tions, at less than 100MHZ. 

In digital data recovery or digital signal syn- 
chronization applications, digitally controlled delay 
cell technologies are often utilized. A plurality of 
such delay cells can be cascaded to form a delay 
line which can then delay a signal, whether data, 
clock or control signal, to provide a plurality of 
delayed, or phase shifted copies of the original 
signal from the taps of the delay line. These de- 
layed signals can then be sampled, or detected, or 
registered to be analyzed In subsequent logic to 
determine their phase relationship with a reference 
signal or signals to enable signal synchronization, 
data recovery and other tasks. Prior art tapped 
delay lines are known which can provide phase 
shifted copies of a signal, but the delay line or the 
taps of the delay line are not regulated or cali- 
brated. In one such prior arrangement described in 



U.S. Pat. No. 4,821 ,297, a locally gener^d refer- 
ence clock running at the data rate frequency is 
delayed or phase shifted by an N-length tapped 
delay to provide N copies of the clock with phase 

5 step of A* between each adjacent tap. The phase 
adjustment step size of the resolution is deter- 
mined by the delay amount per tap and the total 
phase shift is determined by N times the phase 
step. Since no delay time regulation is provided, 

10 the total phase shift is not a constant and depends 
on various manufacturing processes or operating 
conditions if it is implemented in a monolithic in- 
tegrated circuit format. Even If the clock reference 
frequency is known so that the delay line can be 

75 designed to be long enough to ensure all possible 
phases, problems arise when there is a frequency 
difference between the data frequency or the re- 
mote transmitter clock and the local receiver clock. 
If the data frequency is slightly lower than the 

20 locally generated reference clock frequency, the 
phase decision circuit will detect this slow phase 
drift and inform the delay path selector to incre- 
ment the delay. This process will continue as long 
as the data keeps arriving. Theoretically, the delay 

25 line has to be infinitely long to provide a constant 
phase increment in the same direction. Accord- 
ingly, a need exists to have a method and appara- 
tus which can handle the above problem, and 
which provides a phase shift of equal increments or 

30 decrements for unlimited number of cycles. 

In our. aforesaid US application 08/021,924 the 
locally generated time ruler used as the bit rate 
recovered clock is constantly phase compared with 
the averaged data transition positions, and is phase 

35 shifted by up/down control signal produced in a 
edge distribution sampler and phase adjust de- 
cision circuit. In the event that a constant frequency 
difference exists between the incoming data and 
the locally generated time ruler clock, a slow pro- 

40 cess takes place to adjust the phase relation of the 
clock reading edge to follow the slow "drifting" of 
the center of the data bit (known as the center of 
the data eye) in relation to the local time ruler 
signal. A range of delay is needed which provides 

45 tapped outputs for all possible phases in the given 
resolution determined by the delay of the delay 
cell, and which is calibrated to shift 360 degree of 
the locally generated timing signal such that the 
signal from the last tap of the calibrated range has 

50 the same phase as that from the first tap 

In the present specification we describe an all 
digital full range phase shifting method and 
scheme. 

We describe a digital method that dalibrates 
55 the delay range to be equal to a constant value, 
which constant value can be a bit period of a 
serially received data, or a cycle period of a clock 
signal, or 360 degree phase range of a periodic 
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signal, to continuously provide phase increments or 
decrements with a constant phase step by the 
control of an up/down digital control signal. 

We describe a digital 360 degree phase shift 
circuit which is particularly suitable for digital in- 
tegrated circuit implementation and which can 
digitally filter preselected noise. 

The described method and apparatus are par- 
ticularly useful and important when the two signals 
which need to be synchronized have a frequency 
offset or have a variable or drifting" phase relation. 
One such example is in a serial data link where a 
received incoming data signal has a frequency 
determined by the remote transmitter clock, while 
the receiver clock timing signal is generated by a 
local frequency reference. Although the two fre- 
quency references are normally required or allowed 
to be only a small offset (50 ppm or less), the 
accumulation of the offset will result in increased 
phase offset and eventually in a cycle slipping. In 
order to keep the two signals synchronized, a con- 
stantly incrementing or decrementing phase adjust- 
ment is needed. 

The preferred embodiment of the present in- 
vention utilizes a tapped delay line and a MUX to 
form a digitally adjustable delay to provide phase 
shifted copies of an input signal. An up/clown con- 
trol signal controls the increment or decrement 
selection of the, delay so that a positively or nega- 
tively phase-shifted copy of the input signal is 
selected each time the selection is enabled. The 
digitally adjustable delay is able to provide phase 
shifting in 360 degree range In all operating con- 
ditions. An on-the-fly Phase Shift Range Calibrator 
detects the delay variation due to temperature or 
power supply variation and locates the output tap 
known as the End Stage Position (EPS) in the 
digitally controlled delay from which the Input sig- 
nal Is delayed exactly 360 degrees. In the event 
that the up/down control indicates that a constant 
positive (up) phase shift is needed, the Rotating 
Phase Shift Control moves the delay path selection 
one tap up every enabled clock until the ESP is 
reached. If a further up-shift is still indicated, the 
phase shift control will "wrap around" to select the 
1st tap as the delay path such that a positive phase 
shift step is made relative to the last selection 
where the control selects the tap output stage 
indicated by the phase range calibrator as the ESP. 
The same operation is performed when the 
up/down control indicates that a negative (down) 
phase shift is needed. The rotating phase shifting 
scheme requires only an up/down signal and an 
enable signal from the phase detection and adjust 
decision logic. The digitally controlled or selected 
delay is adjusted one step at a time and, by virtue 
of its construction, is designed to be able to 
"freeze", or hold a position in case there is no data 



to compare. The previous phase adjustments are 
also able to be "memorized" by the control logic 
which sends the up/down control signal, such that 
certain adjustment "patterns" or some modulating 
5 frequencies from noise sources may be recognized 
and filtered by the control logic. 

In the accompanying drawings, by way of ex- 
amply only:- 

Fig. 1A is a block diagram of an all digital, bi- 
ro directional 360 degree phase rotating shifter. 

Fig. IB is illustrative of the waveform of a typical 
input and output signal of Fig. 1A. 
Fig. 2 is a block diagram of one embodiment of 
the Digitally Adjustable delay. 
Ts Fig. 3 is the timing diagram of the circuit in Fig. 
2. 

Fig. 4A is the block diagram of the Phase Shift 
Range Calibrator. 

Fig. 4B is block diagram of the Phase Compara- 
20 tor. 

Fig. 5 is the block diagram of one embodiment 
of the Rotating Phase Shift Control. 
Fig. 6 is the preferred circuit for the register 
stages in Fig. 5. 
25 Fig. 7 is the truth table for the block diagram of 
Fig. 5. 

With reference to Fig. 1A, the digitally adjust- 
able delay 50 receives BITCK 16 and perfonnris 
phase-shifting on that signal, providing the output 

30 as SBITCK 16' which is the phase shifted copy of 
the original signal BITCK 1 6, as shown in Fig. 1 B. 
Waveform SBITCK 16' can be a phase shifted 
copy of waveform 16 by any desired amount with 
resolution of one adjustable time step. The phase 

35 shift is controlled by the parallel digital control 
code 68 from the Rotating Phase Shift Control 60. 
Rotating Phase Shift Control 60 only requires an 
input of UPDN (up/down) 89 and UPDNEN 
(up/down enable) 88 to informs this circuit to pro- 

40 vide positively increasing phase shift (UP) or nega- 
tively increase phase shift (DOWN) from the cur- 
rent phase. UPDN 89 should be "1" when further 
positive phase shift is needed, and a "0" when 
negative or less phase shift is desired. UPDNED 88 

45 is the adjustment enabling signal. UPDNEN should 
be a "1" if the adjustment needs to be performed 
and a "0" if current phase shift is to be frozen or 
maintained. Phase Shift Range Calibrator 70 con- 
stantly monitors on-the-fly the delay change due to 

50 variations in operating conditions, and sends a par- 
allel digital code 79 to the rotating phase shift 
control 60 to identify the current position of the 
stage in the delay line 50 where the original signal 
is delayed a full cycle or 360 degrees. I call this 

55 the End Stage Pointer (ESP). RDY 360 is a signal 
to enable the calibration process after initial power- 
up. RES 32 is a signal for resetting the circuits 
during the power-up sequence or in other occa- 
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sions when a re-start is necessary. 

Rg. 2 shows one embodiment of the Digitally 
Adjusted Delay 50 which consists of a series of 
cascaded inverters 501 and a MUX 541 or other 
types of fast path selector. The input to the MUX 
are the taps from the delay chain for every other 
Inverter via lines 511, 512, etc. for a total of N pairs 
of inverters. The control inputs to the MUX S(1) 
through S(N) 68, are outputs from the Rotating 
Phase Shift Control 60. Fig. 1A which bits are all 
"O's" except for one "1" which will select the 
operative corresponding delay path. The control 
input S(0). which would select input on line 510 if it 
is a '1 is tied to ground potential to disable the 
selection. If stage DK is the ESP, i.e., is found to 
be the stage at which signal BITCK is delayed or 
phase shifted a full 360 degrees cycle, the delayed 
signal at the output of the stage DK on line 515 
should coincide with that at the input on line 16. 
This can be better seen in Fig. 3, the timing 
diagram of the delay, where the output signal 
SBITCK(K) of 515 is coincident with signal BITCK 
16 on line 16. A next positive phase shift step can 
be achieved if the selection moves to stage 1, 
shown as SBITCK(I) 511, where a phase shift 411 
equal to the delay of two inverters is shown. It is 
seen that an endless positive phase shift can be 
achieved if the digital control 68, Fig. 2. steps 
through from 8(1) to S(k) then rotates or "wraps 
around" to S(1) and so on, where S(K) corresponds 
to the 360 degree phase shift end stage or the 
ESP. In an integrated circuit format, the delay of 
the inverter cells 501, Fig. 2, vary with process, 
environment and power supply. For a given cycle 
time or 360 degree phase shift, K could be a 
different number due to the above factors. To ac- 
quire accurate and calibrated 360 degree phase 
shift rotation, the delay of the inverters need to be 
constantly detected so that an accurate ESP loca- 
tion can be maintained. 

The block diagram of the Phase Shift Range 
Calibrator 70, Fig. 1, is shown in Fig. 4A. Two 
digitally adjusted delays 50A and SOB, both prefer- 
ably constructed exactly the same way as that of 
50, Fig. 2, are used to calibrate the delays to find 
the ESP location. The controls to delay 50A are set 
such that it selects the first path of the delay by 
connecting S(0) to "1 " while the rest are set to "0", 
thus acting as a "dummy" delay. The selection for 
delay 50B is controlled by the parallel digital code 
79 from the delay adjust up/down shifter 75 which 
is in turn controlled by the up/down signal UD 77 
and adjust up/down enable signal UDEN 78 from 
the phase comparator 73. Controls S(1) through S- 
(J-1) Is connected to "0" to disable stage 1 through 
stage <J-1) from the calibration rotation based on 
the assumption that at least J stages are required 
to delay a full cycle for a given signal in any 



process or operating conditions. At initial^ower-up, 
the control may be reset to a pre-specified code to 
select a delay path, which ifs often not the correct 
path to delay the full cycle or 360 degree of the 

5 signal. The phase difference of delayed signal at 
711 (phO) and 712 (phk) is detected by the phase 
comparator 73, and an UD signal is generated to 
signify the delay adjust control up/down shifter to 
add or subtract delay stages to reduce the phase 

10 difference. If, after a number of adjustments, the 
BITCK signal delayed by delay 50A at 711 and 
delayed by SOB at 712 are in phase, the delay path 
of delay SOB is the path that provides a 360 degree 
phase shift to the original signal delayed by SOA. 

75 The code 79 for selecting this 360 degree delay 
path contains a single "1", the position of which 
defines the ESP location, or stage DK correspond- 
ing to C(K). The difference of the total delay of SOA 
and 50B is the pure delay of K delay units consist- 

20 ing of 2K inverters, since the path delay or the 
"intrinsic" delays for the two circuits are the same 
and should be cancelled out. The output code 79 
{C(J) through C(N) ) from the up/down shifter 75 
contains the ESP information and is used to inform 

25 the rotating phase shift control 60, Fig. 1A, of the 
ESP location. The phase comparator 73 compares 
the phase of the two delayed copies, of the peri- 
odic signal BITCK and determines if further phase 
adjustment of 508 is needed to align the two, and 

30 what direction (up or down) it should be. A ready 
signal RDY 360 may be supplied to initiate the 
calibration process. 

The phase comparator circuit 73 could be any 
phase detector circuit which detects the phase 

35 difference of signal phO at 71 1 and phk at 71 2, and 
which ensures that correct delay adjust control 
signal UD77 and UDEN 78 are generated such that 
phase alignment of phO 711 and phk 712 Is even- 
tually achieved and that the phase difference is 

40 360*. i.e. the delay difference is a full cycle of 
signal BITCK. Fig. 4B is a preferred embodiment of 
the phase comparator 73 for providing the delay 
adjust up-down control signal UD 77 and UDEN 78. 
The phase comparator circuit 73 is more fully de- 

45 scribed in the simultaneously filed related ap- 
plicatoin. "Digital Variable In'lock Range Phase 
Comparator," which has been herein incorporated 
by reference. 

Fig. 5 is a detailed block diagram of the Rotat- 

50 ing Phase Shift Control 60, Fig. 1A. It contains flip 
flop register stages ST(1) through ST(N) to form a 
bi-directional, 360 degree phase rotating shift con- 
trol, a code 79 is generated from the Phase Shift 
Range Calibrator 70, Fig. 1A, as described above. 

55 The code 79 is shown in box 601 where the 
location of the "1" is indicated by an arrow 603. In 
the example shown, stage ST(K) corresponds to 
the ESP. Positive or "up" incremental phase shift 
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adjustments are executed in a rotational sequence 
indicated by loop 604. A "1" (indicated in the 
output code 68 shown in box 602) is shifted to the 
right at each enabled clock C. This continues until 
the "1 " is shifted to the ESP stage ST(K) such that 
S(K) becomes a "1". This means that the signal 
has been phase-shifted by 360 degrees at this 
code selection. A further positive phase shift re- 
quest from the decision circuit will cause the "1 " to 
be wrapped around to stage 1, or S(1) will become 
a "1", and then continue to right-shift again assum- 
ing the "UP" is maintained. Note that this rotating 
shifting tal<es place in the range of ST(1) through 
ST(K), and is "blocked" by the ESP from shifting 
further to the right. In practice, when the "1" is 
shifting while it is away from the ESP, neither the 
immediate detection nor the exact location of ESP 
is important, and the completion of calibration to 
find the ESP needs only be made in relatively long 
time interval, or when the "1" is approaching the 
ESP. The finite error of the 360 degree range 
calibration due to limited adjustment resolution will 
cause an uneven adjustment step, i.e. timing jitter, 
at the "wrap around" position, on the "phase 
aligned" or "recovered" clock signal in terms of 
data recovery. Negative or "down" decremental 
phase shift adjustments are executed in opposite 
direction. Note in Fig. 5, that stages ST(1) through 
ST(J-I) 62 can be simpler in structure than those 
of stage ST(J) through ST(N) 63, because there is 
no "Wrap around" needed for those stages. As 
explained previously, there is always some mini- 
mum number of stages required to delay a full 
cycle of a given frequency. The clock signal for 
shift operation Is gated by enable signal UPDNEN 
88, through gate 61. Proper timing control is re- 
quired to ensure that no shifting operation takes 
place for the stage while the signal is in transition 
to maintain signal Integrity. Line 606 feeds the 
output of 8(1) to the ESP stage in the event that a 
"down" or left shift is needed while the "1" has 
been left shifted in state ST(1). A "down wrap 
around" will send this "1" back to the ESP stage. 
In normal operations, when a "0" is in ST(1) while 
a down shift is requested, the "0' is also wrapped 
around to the ESP stage via the same line 606. 
Outputs WA(I) of all the register stages 63 are 
ORed into signal WA or as S(0), which is the "up" 
or right-shift input for ST(1). This will wrap around 
the output of stage ESP to ST(1) in up or right-shift 
operations. In any event, only one "1" is allowed in 
all the outputs S(1) through S(N) to ensure that a 
single phase shifting delay path is enabled. No "1 " 
should be in outputs on right side of the ESP stage 
ST(K). 

Fig. 6 shows a preferred embodiment of the 
register stages 62 and 63 in Fig. 5. Register stage 
62 is one of the simpler register and is used for 



stages ST(1) through ST(J-1). Q^ending on 
whether UPON 89 is a "1" or a "0", mux 612' 
selects input from the output on left (previous) 
stage on line 625', or from the output on right 

5 (next) on line 611'. When the gated clock CLK 16" 
arrives, a "up" or "down" shift is performed. Regis- 
ter stage 63 is the type of register with com- 
binatorial logic used for stage ST(J) through ST(N), 
Fig. 5. Register stages 63 are the same as register 

70 62 with the addition to register function 62 of a 
logic block 614. The output of mux 612 on line 613 
selects Inputs from either the previous stage 8(1-1) 
on line 625, or from the next stage 8(1 '4-1) on line 
611, depending on control UPON on line 69. Other 

75 inputs to the Fig. 6 logic ciircuit are the inputs 79 
from the phase shift range calibrator 70, Fig. 1 and 
Fig. 5, both for the current stage C(l) on line 617, 
and for the previous stage on line 616, and input 
from stage one S(1) on line 606. The function of 

20 the logic becomes easier to understand by also 
referring to Fig. 7A equations and Fig. 7B truth 
table for the function. For each register unit ST(I), 
there are two outputs: S(l), and WA(I). S(l) provides 
the corresponding digital control input 68 to the 

25 digital adjustable delay 50, Rg. 2. WA(I) 608 is the 
feedback signal to stage one ST(1). In the Rg. 7B 
truth table shown, row 701 through 704' depicts 
when "up"-shift is needed (UPON = 1), while row 
705 through 708 is when "down"-shift is required. 

30 In row 701 and 702, C(l) is a "0", meaning that 
stage ST(I) is not the ESP stage, so normal shift is 
performed. The status of the previous stage 8(1-1) 
Is transfen-ed to the 0 input of the D flip-flop D(l), 
and will be latched into 8(1) upon the arrival of the 

35 clocking edge of CLK 16", while Input to stage ST- 
(1) i.e., WA(I) is always a "0". Row 703 and 704 Is 
for the situation when ST(I) Is the ESP stage (I = 
K, C(l) = 1) or the end stage from which the signal 
has already been phase-shifted 360 degrees, In 

40 row 703, if the output of the previous stage is a 
"0". the "0" is wrapped around to ST(1) since WA- 
(I) is a "0". In row 704, the previous stage is a "1 ", 
while the current stage is the ESP (C(l) = C(K) = 
1), the "1" is not permitted to move to stage ST- 

45 (1 + 1), but rather, has to move to the first stage ST- 
' (1). A "wrap around" is performed here by making 
S(l + 1) a "0" upon the next clocking edge of CLK 
16". This can be seen on row 704', where the 
cun-ent stage Is the stage following ESP since C(l- 

50 1) = 1. During cycle n, if the ESP stage is "1" (S- 
(1-1 )n = 1). for next cycle (n + 1), the current stage 
will be still set to "0" (S(l)n+i = 0), preventing the 
"1" from shifting beyond ESP. Meanwhile, at the 
clocking edge of CLK 16" on cycle n, both WA(I)„ 

55 and S(l)n have been set to "1" (row 704) i.e., 8(1) 
will be set to "1 " upon the arrival of clocking edge 
of cycle (n + 1), thus completing the "wrap-around" 
"1" of ESP to stage one or 8(1). Row 705 through 
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708 is for the "down" shift operations (UPDN = 0). 
Row 705 and 706 is similar to the case of row 701 
and 702 except that they are left or down shift 
operations. Row 707 and 708 is the situation when 
ST(I) is the ESP stage or I = K. This time, what- 
ever is in stage ST(l) will be "wrapped around" to 
ST(I) (I = K). WA(I) is "don't care" since these are 
down-shift operations. The equations for S(l) and 
WA{I) are shown on the top of the truth table, Rg. 
7A. At power-up, a reset is made such that all 
stages are "0" except ST(1) which is a "1". so a 
minimum phase shift is chosen. Meanwhile, the 
phase range calibrator resets C(J) to "1" while 
others to "0", so the Stage J is the ESP to start. 
The ESP is expected to move "up" to its correct 
position after the phase range calibrator completes 
certain number of calibration cycles at which a 
calibration ready or IN-RANGE signal IRG is gen- 
erated, and is sent to the rotating phase shift 
control block 60. FIG. 1A, to initiate the phase 
adjustment process. The UPDN signal for the delay 
path selection should choose to up-shift at the 
start, so a "1" at outputs S(l) moving "up". In any 
case, no "1 " is allowed to be at the outputs beyond 
the RSP. Equation (A) is for stage 1 through stage 
J-1, while equation (B) and (C) are for stage J 
through stage N. Circuit Implementation can be 
easily achieved by using conventional combination- 
al circuit design methods or by using a logic syn- 
thesizer. 

Claims 

1. A digitally controlled phase shifting method for 
providing a continuously adjustable increasing 
or decreasing phase by simulating an infinitely 
long delay line comprising, 

calibrating a delay line by identifying a 
physical position in said delay line called the 
ESP (End Stage Pointer) which physical posi- 
tion is the exact location at which a signal 
traversing said delay line is phase shifted by 
360 degrees of the cycle of said signal in 
relation to the phase of said signal at a first 
point into said delay line; 

providing, in operation, a detector for iden- 
tifying when an input signal traversing through 
said delay line arrives at said ESP; 

connecting selectable intermediate posi- 
tions in said delay line to the output of said 
delay line in response to a code provided to a 
high speed position selector; and 

changing said code so that said delay line 
is continuously being configured as a rotation 
ring where the ESP is effectively connected to 
the first stage. 



2. The method of claim 1 wherein Jt^ step of 
connecting selectable intermediate increasing 
delay path positions includes, 

controlling said high speed position selec- 
5 tor with a selector code having a one for one 
relationship between said code and a selected 
delay position provided to said delay output, 
and wherein said selector code is a binary 
word which has one bit for every selectable 
10 position. 

3. The method of Claim 2 wherein said high 
speed position selector is a MUX. 

15 4. The method of Claim 3 wherein said step of 
changing said code includes changing the 
number of stages in a bidirectional shift regis- 
ter having a variable number of stages, 
wherein each stage has an output which repre- 

20 sents one bit of said code. 

5. The method of Claim 4 wherein the step of 
changing the number of stages in a bidirec- 
tional shift register is controlled so that the last 

25 stage corresponds to said ESP. 

6. A digitally adjustable continuously variable 
length delay line phase shifter circuit for pro- 
viding a phase shifted replica of an input signal 

30 comprising; 

a. MUX signal selector; 
a delay circuit for receiving said input sig- 
nal, said delay circuit comprising a series con- 
nected plurality of unit delay elements, each 

35 said delay unit element having an input and 
output terminal, and a plurality of taps connect- 
ing to a plurality of said unit delay inputs and 
to said MUX signal selector; 

means for determining the 360 degree End 

40 Stage Position (ESP) in said delay circuit; 

means for controlling said MUX signal se- 
lector responsive to a digital command so that 
said MUX passes the signal at a selected one 
of unit delay inputs through said MUX, said 

45 means for controlling said MUX signal selector 
including means for causing said MUX to se- 
lect an earlier unit delay element stage output 
after a said signal traversing the delay line 
reaches said ESP and more delay is requested 

50 even though said delay circuit has additional 
later stages which could have been selected to 
increase the delay, whereby the delay circuit is 
wrapped around at said ESP to enable continu- 
ous phase adjustment with constant steps. 

55 

7. The phase shifter circuit of claim 6 wherein 
said means for causing said MUX to select an 
early stage after it reaches a predetermined 
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later stage includes means to establish said 
ESP by determining at which tap the said input 
signal would be shifted in phase by 360 de- 
grees. 

8. The phase shifter of claim 7 wherein said 
means to establish said ESP comprises a 
phase shift range calibrator including a phase 
comparator, said phase comparator having a 
pair of delay circuits, said pair of delay circuits 
being identical to said delay circuit for receiv- 
ing said input signal. 

9. The phase shifter of claim 8 wherein said 
means for controlling said MUX signal selector 
includes a rotating phase shift control, said 
rotating phase shift control being responsive to 
an up and down command signal to cause said 
MUX signal selector to select an output from a 
later unit delay element and an earlier unit 
delay element respectively. 

10. The phase shifter of claim 9 wherein said 
rotating phase shift control includes means to 
control said delay circuit by providing a digital 
code word to said MUX. 
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DOCUMENTS CONSIDERED TO BE RELEVANT 



DE-A-41 04 329 (MATSUSHITA ELECTRICAL 
INDUSTRIAL CO.) 

* column 2, line 22 - line 47 • 

* column 5, line 28 - column 7, line 13; 
claim 1; figures 1-3 * 

US-A-4 618 787 (B. JACKSIER ET. AL.) 

* column 1, line 53 - column Z, line 42 ' 

* column 2, line 59 - line 67 * 

* column 3, line 16 - line 68; figures 2,3 



US-A-4 754 164 (L. FLORA ET. AL.) 

* colunin 4, line 10 - line 63; figure 2 ' 

US-A-4 868 430 (J. STEWART) 

* column 3, line 59 - column 5, line 34; 
figure 1 * 

* column 6, line 8 - column 7, line 34 * 
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